








VOL. 28, NO. 10 


PUBLISHED BY 
THE BUREAU OF 
PUBLIC ROADS, 
U.S. DEPARTMENT 
OF COMMERCE, 
WASHINGTON 











Public Roads 


A JOURNAL OF HIGHWAY RESEARCH 


TECHNOLOGY 


TECHNOLOGY pepe OCTOBER 1955 











PUBLIC LIBRARY. 
OCT 101955 N 


DeTRoIT 











ou & Tr . : Pe . 
In this issue: Traffic studies of the Maine and Pennsylvania\Turnpikes 


(Pennsylvania Turnpike between Gettysburg Pike and Harrisburg-West Shore interchanges) 











Public Roads 


A JOURNAL OF HIGHWAY RESEARCH 
Vol. 28, No. 10 October 1955 


Published Bimonthly 
e C. M. Billingsley, Editor 





BUREAU OF PUBLIC ROADS 


Washington 25, D. ©. 


DIVISION OFFICES 


No. 1. 718 National Savings Bank Bldg., Albany 7, 
Bn. TY. 
Connecticut, Maine, Massachusetts, New Hamp- 
shire, New Jersey, New York, Rhode Island, 
and Vermont. 


No. 2. 707 Earles Bldg., Hagerstown, Md. 
Delaware, District of Columbia, Maryland, Ohio, 
Pennsylvania, Virginia, and West Virginia. 


No. 3. 50 Seventh St., N.§E., Atlanta 5, Ga. 
Alabama, Florida, Georgia, Mississippi, North 
| N T H | \ | \ \ lJ i) Carolina, South Carolina, Tennessee, and Puerto 
Rico. 


No. 4. South Chicago Post Office, Chicago 17, Ill. 


Pennsylvania Turnpike Traffic Analysis....... 203 IUinois, Indiana, Kentucky, Michigan, and Wis- 
consin 
Traffic Usage of Maine Turnpike............. 224. No. 5. Federal Office Bldg., Kansas City 6, Mo. 
Iowa, Kansas, Minnesota, Missouri, Nebraska, 
New Publication....................0.0.0... 230 North Dakota, and South Dakota. 


No. 6. 502 U.S. Courthouse, Fort Worth 2, Tex. 
Arkansas, Louisiana, Oklahoma, and Texas 


No. 7. Old Mint Bldg., San Francisco 3, Calif. 
Arizona, California, Nevada, and Hawaii. 


No. 8. 753 Morgan Bldg., Portland 8, Oreg. 
Idaho, Montana, Oregon, Washington, and Alaska. 


No. 9. Denver Federal_Center, Bldg. 40, Denver 2, 
Colo. 
Colorado, New Mexico, Utah, and Wyoming. 





PUBLIC RoADs is sold by the Superintendent of Documents, Govern- 
ment Printing Office, Washington 25, D. C., at $1 per year (25 cents 
additional for foreign mailing) or 20 cents per single copy. Free dis- 
tribution is limited to public officials actually engaged in planning or 
constructing highways, and to instructors of highway engineering. 
There are no vacancies in the free list at present. 


The printing of this publication has been approved by the Director 
of the Bureau of the Budget. March 17, 1955. 


U. S. DEPARTMENT OF COMMERCE 
SINCLAIR WEEKS, Secretary 





BUREAU OF PUBLIC ROADS 
CHARLES D. CURTISS, Commissioner 


Contents of this publication may be re- 
printed. Mention of source is requested. 





jee} 


th 


th 








y 


1 
~t 


7 
110, 


rth 
erto 


ll. 


V18- 


ska, 


ska. 


vern- 
ents 
e dis: 
ing or 
ring. 


‘eclor 





Pennsylvania Turnpike Traffic Analysis 


BY THE HIGHWAY TRANSPORT RESEARCH BRANCH 
BUREAU OF PUBLIC ROADS 


Information regarding turnpike usage was collected at roadside-interview 
stations on the highways east of Harrisburg and west of Philadelphia during 
June, July, and August of 1950 before construction of the eastern extension of 
the Pennsylvania Turnpike, and on the same highways and the turnpike in 
1952 after its construction. 

Traffic diversion to the toll road was much greater for passenger cars than for 
commercial vehicles, except in the mountainous areas where the type of vehicle 
or purpose of trip made little difference. 

It was found that a much greater increase in traffic in the vicinity and general 
direction of the turnpike resulted after its opening than elsewhere in the State, 
indicating that this facility generated a considerable amount of new traffic. 

The travel-time ratio and time saved or lost were found to be good measures 
for determining the amount of traffic diverted from adjacent highways. Traffic 
used the toll road if time could be saved, even though the distance was increased; 
hence the greater the time saving, the greater the usage. Only a small propor- 
tion of traffic losing both time and distance used the toll road. 

The toll-road usage curves differ from similar curves established for free 
limited-access highways in metropolitan areas. It was found that the smaller 
the time or distance saved, the greater the difference between such curves. 
Traffic diverted to the Pennsylvania Turnpike was between two-thirds and three- 
fourths of that which would have been assigned from curves developed for free 
limited-access highways. 

Vacation trips as a whole accounted for greater usage of the toll road than 
trips for other purposes—presumably because there were a few very short trips 
and many long trips with vacations as the purpose. 

Vehicles traveling between Philadelphia and Pittsburgh used the turnpike to 
a very large extent regardless of purpose of trip and type of vehicle due to the 
large saving of time for all vehicles and of fuel as well for commercial vehicles. 





NE of the most difficult problems facing 

highway planning engineers is estimating 
the traffic which would use improved highways 
of various classes. This is important from the 
points of view of economic justification, pri- 
orities, and design features. With present 
emphasis on the completion of the National 
System of Interstate Highways the study of 
the usage of controlled-access highways, such 
as will constitute a large part of that system, 
assumes special importance. 

When a high-type facility is constructed, 
there is a large diversion of traffic from roads 
immediately parallel and a lesser diversion 
from more distant roads. In addition, there is 
an increase in highway traffic throughout the 
area which js called traffic generation. A part 
of this increase is composed of trips diverted 
from public carriers, and an important part is 
composed of new trips which would not have 
been made if the improved facility had not 
been available. Furthermore, there is the 
long-range traffic growth or trend which fol- 
lows generally the basic economic trend and 
takes place on highways of all classes through- 
out the country. 


In estimating traffic usage of a proposed 
facility, therefore, the engineer must concern 
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himself with these three factors: Diversion, 
generation, and long-range trend. To do this 
successfully, empirical data, properly analyzed, 
are needed. The Bureau of Public Roads, with 
the cooperation of the various State highway 
departments and other agencies, is endeavor- 
ing to supply these data and analyses to the 
extent practicable. 


Other Traffic Studies Made 


With regard to controlled-access facilities 
such as are contemplated in the Interstate 
system standards, several studies have been 
made and reported for highways in urban 
areas,'! but very few for those in rural areas. 
There are few controlled-access free roads ex- 
tending for long distances through rural areas 
and these have been opened to traffic only 
recently. There are, however, several toll 
roads or turnpikes built approximately to 
Interstate system standards, which have been 
in operation for a number of years and others 
which are being opened from time to time. 
These facilities offer good opportunities for 


1 Traffic assignment, Highway Research Board, Wash., 
D. C., Bulletin 61, publication 246, 1952; also Gulf Freeway 
traffic survey, Houston, Texas. Texas Highway Department, 
1951. 


Reported by DANIEL O’FLAHERTY 
Head, Traffic and Travel Studies Unit 


study, though the deterring effect on traffic of 
the toll charges offers a complicating factor 
which must be evaluated in applying the re- 
sults to free roads. 

For a number of years the Bureau of Public 
Roads has cooperated with several States 
through the planning survey divisions of the 
highway departments in studies of toll-road 
traffic in relation to that on adjacent high- 
ways. The toll authorities have supplied at 
regular intervals information on traffic using 
the turnpikes. Such information, in addition 
to regular reports from the State highway de- 
partments concerning traffic volumes through- 
out the country, has given a broad picture of 
the changes in traffic flow which result from the 
construction of modern toll roads. This in 
itself, however, is not enough to permit 
accurate traffic estimates for any particular 
project under study. 

Conclusions which can be drawn from this 
type of information are somewhat clouded by 
the fact that there is no differentiation between 
passenger car and truck traffic, or between 
trips which could conveniently be made on the 
turnpike and those which are purely local. 
Relations determined from traffic counts alone 
would be expected to vary widely in different 
areas according to the composition and charac- 
teristics of traffic in the area. In order to es 
tablish more basic relations, intensive traffic 
studies were made on several of the turnpikes. 
In these studies, drivers were interviewed at 
stations on roads parallel to the turnpike route 
both before and after the opening of the turn- 
pikes, and at all turnpike interchanges under 
study after its opening. Questions were 
asked concerning trip origins and destinations, 
trip purpose, and other matters pertinent to 
the study. 

Such studies were made in Maine, New 
Hampshire, New Jersey, Pennsylvania (east- 
ern and western extensions), and Ohio. The 
“after’’ study has not been conducted in Ohio, 
because only one short section has been com- 
pleted. In New Jersey the data are being 
analyzed. The resultsof the Maine Turnpike 
study have been partially reported to the 
Highway Research Board and a further report 
is included in this issue. The present article 
reports the results of the study of the eastern 
extension of the Pennsylvania Turnpike which 
was opened to traffic in November 1950. 


2 Proportionate use of Maine Turnpike by traffic through 
Portsmouth-Portland corridor, by J C Carpenter. Proceed- 
ings of the Highway Research Board, vol. 32, 1953, pp. 452- 
463; also Traffic usage of Maine Turnpike, by Glenn E. 
Brokke. Pages 224-230 of this issue. 
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Figure 1.—Location of the Pennsylvania Turnpike. 


Pennsylvania Turnpike Study 


The location of the entire Pennsylvania 
Turnpike is shown in figure 1. The inter- 
changes are indicated by the numbered circles, 
and mileages along the turnpike measured 
from the western terminus are shown at the 
bottom of the illustration. 

The original section, which was opened in 
October 1940, extends from interchange 7 at 
Irwin (near Pittsburgh) to interchange 16 at 
Carlisle, a distance of 158.9 miles. A profile 
of this section of the turnpike and the principal 
parallel free routes (U. 8S. 30 and 11) appeared 
in a recent article in Public Roads.2 The 
grades on the turnpike are much lighter and 
the total rise and fall much less than on the 
parallel free route. The rise and fall on the 
turnpike (original section) is 11,327 feet, com- 
pared to 26,257 feet on the free route. The 
comparatively low grades and saving in climb 
have much to do with the high usage of this 
section of the turnpike especially by trucks. 

The eastern extension of the turnpike, 
which was opened in November 1950, extends 
from interchange 16 at Carlisle to interchange 
24 at Valley Forge (near Philadelphia), a 
distance of 100.9 miles. It was on this section 
that the intensive traffic study was made. 
Origin and destination stations were operated 
in 1950 on one line just east of Harrisburg and 
on a second line about 20 miles west of Phila- 
delphia before the turnpike was completed, 

3 Operating characteristics of a passenger car on selected 


routes, by Carl C. Saal. Puruic Roaps, vol. 28, No. 9, 
Aug. 1955, p. 181. 
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and in 1952 after its construction. The loca- 
tion and types of survey stations are shown in 
figure 2, which is an enlargement of the study 
area. 

There were 15 identical interview stations 
operated on the highways in the “‘before” and 
“after” studies made during June, July, and 
August of each of the 2 years. Additional 
interview stations were located at the turnpike 
interchanges and at 3 locations on the free 
highways in the after study. The stations 
were occupied on approximately the same 
dates in each year for the same number of 
hours. The duration of the operations was 
for at least a full 24-hour period on weekdays in 
June, July, or August. Additional 24-hour 
operations were made on Saturday and Sunday 
at a limited number of locations. 


The topography along this section of the 
turnpike is generally level as compared with 
the rugged terrain through which the original 
section was built. There are four or more 
parallel routes in the eastern section from 
which traffic is diverted. 


Since the major parallel routes are high-type 
and well-maintained highways, the big traffic 
obstacle in this area is the large number of 
towns and cities located on the regular routes. 
Such places cause traffic to slow down even 
when highways are adequate. During peak 
hours the highways in and near these munici- 
palities are congested, and delays at such times 
may be considerable. 


During the survey the routes connecting 
Valley Forge with Philadelphia were inade- 


quate to serve properly the volume of traffic 
delivered by the turnpike. There was little 
choice between the routes from Valley Forge 
and from Paoli on U. 8S. 30 to Philadelphia. 
Both offered traffic resistance, especially during 
peak traffic periods. An expressway is under 
construction between Valley Forge and Phila- 
delphia which will relieve this situation and 
may cause greater turnpike usage than oc- 
curred in 1952. 


The turnpike has a minimum right-of-way 
width of 200 feet, and has four 12-foot traffic 
lanes divided by a 10-foot median strip in 
addition to acceleration and deceleration lanes 
at interchanges. There are 10-foot paved 
shoulders. The maximum grade is 3 percent, 
the maximum curve is 6 degrees, and the mini- 
mum sight distance is 1,000 feet. 


The average distance between interchanges 
in the 327.2 miles between the Ohio State line 
and Valley Forge is 14.2 miles. The shortest 
section, 5.4 miles, crosses the Susquehanna 
River south of Harrisburg between inter- 
changes 18 and 19, and adjoins the longest 
section on the eastern extension which is 19 
miles in length and connects interchanges 19 
and 20. 


The speed limit for passenger vehicles on 
the turnpike is 60 miles per hour west of 
Breezewood, on the original section, and 70 } 
miles per hour east of that point including the 
eastern extension. It is 45 and 50 miles per 
hour, respectively, for all other vehicles ex- 
cept where lower speeds are posted, such as in 
tunnels and at toll-gate approaches. 
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Table 1.—Number of trips between interchanges on the Pennsylvania Turnpike intercepted 
on the eastern extension during an average summer weekday in 1952 























-<, | Harris- Leba- 
Car- — burg- a non- | Read- |Morgan- — Valley 
Interchange lisle | Pike Pend East — ing | town | town | Forge | otal 
(16) (17) (18) (19) (20) (21) (22) (23) (24) 
1 Ohio State line_..........- 850 118 224 410 184 291 58 398 | 2,509] 5,042 
2 Beaver Valley_.......---.- 23 2 9 21 3 © Lwccseame 14 41 116 
3 Perry Highway-.---.--..-- 18 1 8 10 7 5 1 18 56 124 
4 Butler Valley___......-... 54 13 48 34 ll 16 4 36 113 329 
5 Allegheny Valley_....--.-- 33 5 10 15 13 2 200 
6 Pittsburgh--............--- 193 45 101 198 57 98 30 174 746 | 1,642 
7 a 325 56 73 119 31 43 14 91 314 | 1,066 
8 New Stanton-_--.......-.--- 226 48 74 143 52 59 16 75 526 1, 219 
cscncidacnwcuwunears 122 26 39 57 15 14 7 35 171 

10 Somerset..........-.---.-- 70 9 24 28 15 26 1 32 123 328 
11 Bedford__..............-.- 198 22 62 101 22 57 13 78 314 867 
12 Breezewood.-...-....--.-.- 109 9 7 10 29 3 34 73 308 
13 Fort Littleton............- 33 6 12 12 3 6 1 7 27 107 
14 Willow Hill__.--.......--- 26 6 13 18 | ee 2 4 25 95 
15 Blue Mountain--.-...--.-.- 27 5 2 12 [RRS Meee een 19 17 83 
sa AE 31 87 281 61 86 15 65 373 999 

17 Gettysburg Pike_--.-..-.-}......-.|.-.----- 96 54 44 7 17 145 7 
18 Harrisburg-West Shore_...|_.......|....----|_------- 1,401 78 52 14 61 307 | 1,913 
ee Se Ramee, Samer 140 147 51 233 | 1,072) 1,643 
20 Lebanon-Lancaster--......|........|..-----.]--------|--------|-------- 36 41 63 |* 355 495 
21 REE aa ene SEEN eee Tee, Kee Sees 67 86 363 516 
TE EEE TR Rs SS Sa Kee ETS 194 394 588 
23 ES SS Se Se ee See Ae See Leen 233 233 
cs acicnnbicnwmnnn 12,307 402 889 | 3,306 760 1,025 347 | 1,769 8,357 | 19,162 





























1 Trips off or on at Carlisle and traveling to or from the west did not use the eastern extension. 


Traffic Between Interchanges 


The average daily traffic volume on all sec- 
tions of the turnpike, in the summer and 
throughout the year, is shown in figure 3. 
Saturdays and Sundays as well as weekdays 
are included. The volume on the original 
section is greater than that on either the 
eastern or western extension. The summer 
traffic is about 29 percent greater than the 
average annual traffic. 

The trips intercepted on the eastern exten- 
sion of the turnpike were analyzed on the 
basis of point of entry and point of exit to 
determine their travel on the turnpike. The 
results are shown in figure 4 for an average 
summer weekday. 

The hatching at the bottom of the chart 
indicates the trips over the whole length of 
the Pennsylvania Turnpike between the Ohio 
State line and Valley Forge. The next group 
includes vehicles on trips that used the full 
length of the eastern extension extending from 
Valley Forge to Carlisle or farther west. The 
third group of trips are those intercepted at 
Valley Forge which are shorter than the length 
of the eastern extension. This accounts for 
the total trips at Valley Forge. The remain- 
ing trips are those which do not extend to 
Valley Forge, but enter or leave the turnpike 
between Carlisle and Downingtown. The 
latter group includes trips entirely on the 
eastern extension as well as those on all or 
portions of the turnpike west of Carlisle. 

The apparent decrease in turnpike use west 
of the eastern extension is due to the omission 
in figure 4 of all trips which enter and leave 
the turnpike between the Ohio State line and 
a point west of Carlisle. Such trips were not 
sampled in the eastern extension study. 

The length of that portion of a trip which 
lies between the termini of a controlled-access 
facility is important in determining diversion 
to the facility. It is of particular interest to 
note some of the results found in this study 


regarding the length of that portion of the 
trips found on the turnpike itself. There 
were 2,509 vehicles, making up approximately 
25 percent of the vehicle-mileage on the east- 
ern extension of the Pennsylvania Turnpike, 
that used the entire 327 miles in traveling be- 
tween the Ohio line and Valley Forge. An- 
other 2,979 vehicles traveled at least the 101 
miles of the eastern extension between Valley 
Forge and Carlisle. This number of trips 
adds to 55 percent of the vehicle-mileage on 
the eastern extension during the summer 
months. That is, during the period of the 
survey, more than one-half of the vehicle- 
miles of travel on the eastern extension 
resulted from through trips on it (see fig. 4 
and table 1). Almost two-thirds of the 
vehicles intercepted at Valley Forge traversed 
the whole length of the eastern extension. 

There were 19,162 trips intercepted in the 
1952 study on the eastern extension. . Of this 
total, 2,307 vehicles were off or on at Carlisle 
traveling to or from the west and did not use 
the eastern extension. 

Table 2 shows the percentages of the turn- 
pike trips and of the vehicle-mileage by these 
trips, on different lengths of the turnpike. 
For example, 8.0 percent of the turnpike trips 
were less than 10 miles in length, and ac- 
counted for only 0.3 percent of the turnpike 
vehicle-mileage. All but 38.6 percent of the 





trips were for distances greater than 100 miles 
and all but 9.7 percent of the turnpike vehicle- 
mileage was due to these long trips. This 
information is presented graphically in figure 5. 

The average length of the turnpike portion 
of the trip was 163.7 miles which is, of cours¢, 
less than the average length of trip from origi: 
to destination. This figure is somewhat mis- 
leading, however, since stations were operate: 
only on the eastern extension and short trips 
between interchanges on the other sections 
were not included in the sample, whereas all of 
the through trips were included. 

The average trip length determined from 
tickets for all types of vehicles for the whole 
turnpike was 98 miles for the year 1952 and 
105 miles for the period of the survey. If only 
the mileage on a particular section is con- 
sidered, the annual average length of trips was 
as follows: Eastern extension, 55 miles; 
original section, 97 miles; and the western 
extension, 39 miles. 


Traffic Diversion and Generation 


As previously mentioned, the traffic that 
uses a new facility is composed of both diverted 
and generated traffic. It is difficult to sepa- 
rate the amount diverted from the amount 
generated. 

Diverted traffic is composed of vehicles 
traveling over existing roads before the con- 
struction of a new facility, and then transfer- 
ring to the new route after its completion. 
When there is a saving in time, drivers 
generally transfer to a high-type free facility. 
Fewer of such trips are diverted to a toll road. 
It is desirable to determine what proportion of 
eligible or potential trips between particular 
zones actually use the toll road and whether 
time or distance is saved. 

The term “generated traffic’ as used by 
highway engineers in various areas of the 
country often has different meanings. The 
American Association of State Highway 
Officials has defined the term in one of its 
publications.* As used in this article, how- 
ever, generated traffic refers to the amount of 
traffic using a new road, plus that on the old 
roads in the corridor, less the amount that 
would have been expected on the old highways 
had not the new facility been constructed. 
That is, additional trips made over and above 
those diverted from nearby roads to the new 
facility—generally those which were not made 





4A policy on geometric design of rural highways. American 
Association of State Highway Officials, Wash., D. C., 1954, 
D. 66. 


Table 2.—Number of trips and vehicle-miles of travel by turnpike trip-length groups 


























Trips for all vehicles Vehicle-miles of travel 

Trip length, in miles Total for group Cumulative total Total for group Cumulative total 
Percent Percent Percent Percent 
Number | oftotal | Number | oftotas | Number | oftotar | Number | of total 
Se 1, 528 8.0 1, 528 8.0 8, 436 0.3 8, 436 0.3 
re 1, 543 8.1 3, 071 16.1 24, 851 .8 33, 287 1.1 
| eee 1, 389 7.2 4, 460 23.3 50, 1.6 84, 216 2.7 
_,, ae 2, 935 15.3 7, 395 38. 6 221, 631 7.0 305, 847 9.7 
ae 3, 505 18.3 10, 900 56.9 548, 440 17.5 854, 287 27.2 
_, a 5, 314 27.7 16, 214 84.6 1, 325, 247 42.3 2, 179, 534 69.5 
ei enuassnbeawae 2, 948 15.4 19, 162 100.0 958, 011 30.5 3, 137, 545 100.0 
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Figure 8.—Map of Pennsylvania indicating 3-digit zones. 
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Figure 9.—Turnpike usage by passenger cars in relation to the 


time ratio. 


at all, or were made by other means before the 
new facility was built. It is also possible that 
some trips were included which were diverted 
from roads so far away that they did not pass 
any of the survey stations. Some of the 
generated traffic occurs on free highways due 
to the transfer of former traffic to the toll 
facility, thereby making the old roads more 
attractive. The additional traffic, above 
diversion, that occurs on the new road, how- 
ever, is of principal interest. 

In addition to the diverted and generated 
traffic, it often happens over a period of years 
that additional traffic results from the develop- 
ment of new communities, industries, and 
businesses along the new highway. This 
development traffic, unless it occurs almost 
immediately after the opening of the facility, 
is not recognizable as generated traffic, but 
appears rather as a faster than normal growth. 


Origin and Destination Zones 


The comparison of travel time and distance 
on the old highways between major points or 
zones with the travel time and distance be- 
tween the same points or zones by way of the 
new highway, and other relations based on 
these factors, provide tools for estimating the 
usage of a proposed facility. Trips between 
zones need to be analyzed to determine the 
percentages of trips that actually use the new 
and superior route. 
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As the basis for such an analysis, Pennsyl- 
vania as well as the rest of the country was 
divided into geographic zones. Compara- 
tively small zones designated by three-digit 
numbers were first selected, but a preliminary 
review of the data indicated they were too 
small for proper analysis. After studying the 
detailed trip movements between individual 
zones, certain of the smaller zones were com- 
bined into two-digit zones to facilitate the 
analysis of the data. 

Figure 6 shows both two- and three-digit 
zones for the United States except Pennsyl- 
vania. Two- and three-digit zones for 
Pennsylvania are shown in figures 7 and 8, 
respectively. 


Time and Distance Data 


Time and distance runs, ‘floating with 
traffic,’ were made on the turnpike and the 
highway routes between zones. The time and 
distance over logical free highways from origin 
to destination and via the turnpike, using the 
most logical free routes to and from the turn- 
pike, were compared. 

Based on nationwide speed studies and data 
from the Pennsylvania Turnpike Commission, 
the difference in speed between passenger cars 
and commercial vehicles was established as 
being generally 5 miles per hour. That is, if 
passenger cars traveled at 40 miles per hour, 
trucks were assumed to travel at 35 miles per 
hour. Where the speed was very low, 20 miles 


Figure 10.—Turnpike usage by commercial vehicles in relation to 


the time ratio. 


per hour or under, truck speeds were assumed 
to be the same as for passenger cars. The 
passenger-car speed on the turnpike was estab- 
lished at 57 miles per hour, and for commercial 
vehicles, 52 miles per hour on the eastern ex- 
tension and 49 miles per hour on the remainder 
of the turnpike. 

The average speed on the turnpike is ap- 
proximately that of the driving speed. How- 
ever, on regular highways the average speed 
is much below the driving speed on the open 
highway. It is for this reason that speeds 
used for free highways in this study are below 
speeds reported in general by State agencies 
and by the Bureau of Public Roads for rural 
highways. The speeds ordinarily reported 
are for level tangents on the open road, and 
do not reflect the time lost passing through 
towns and cities, or driving on tortuous curves 
and in hilly terrain. Time in this study in- 
cludes that for passing through the many 
towns found in Pennsylvania, or from center 
to center of the municipalities. 

An additional factor was involved for trips 
via the turnpike. Extra time and distance 
were required to get on the turnpike, pick up 
the ticket, pay the toll on leaving, and return 
to the regular highway. These actions added 
about 1 mile in distance and 4 minutes in time, 
on the average. Consequently, these amounts 
were added to turnpike data before computing 
the time and distance ratios, and time or dis 
tance saving or loss. 
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Figure 11.—Turnpike usage by passenger cars in relation to the 


distance ratio. 


The data developed were on a zone-to-zone 
basis, as previously indicated, and the travel 
time and distance between the centers (usu- 
ally, but not necessarily the geographic cen- 
ters) of zones via logical routes and via the 
turnpike were computed. Where zones are 
large, it is possible that trips from that por- 
tion of the zone nearest the facility will use 
it to a larger extent than those farthest away. 
The use of actual origins and destinations for 
individual trips would result in more accurate 
ratios, but analysis in such detail would be 
time consuming, costly, and impracticable in 
this study. In any event, the application 
would ordinarily be by zones and the method 
used was, therefore, in keeping with the 
normal application of the results. 

Experience in analysis of the Pennsylvania 
data indicates that the use of a toll road by 
drivers is not always determined on the basis 
of saving of time or distance. For example, it 
was found that some of the motorists paid toll 
to use the turnpike, even though they lost both 
time and distance in so doing. Some of them 
probably did not know whether they could 
Save time by using the turnpike, while others 
perhaps did so intentionally preferring to use 
a high-type facility. Notwithstanding a cer- 
tain amount of erratic behavior of this kind, 
time and distance relations do seem to be 
fairly reliable measures of the percentage use 
of the turnpike by trips between different 
pairs of zones. 
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Turnpike Usage Related to Time and 
Distance 


The percentage of trips on the turnpike was 
determined in relation to time ratio (travel 
time via the turnpike divided by travel time 
via free routes), distance ratio (travel dis- 
tance via turnpike divided by travel distance 
via free routes), products of these ratios, and 
amount of time saved and lost for passenger 
cars and commercial vehicles separately. So 
far as is known, this is the first time such 
relations have been established for a toll road. 

First, the percentage of turnpike use was 
plotted separately for each zone-to-zone move- 
ment. This resulted in considerable scatter, 
largely because of the small number of trips 
between some of the zones. To determine the 
final curves for the various factors in relation 
to turnpike usage, it was therefore considered 
desirable to combine the ratios or minutes 
saved or lost into groups. These were aver- 
aged both for turnpike usage and for other 
factors to obtain central points through which 
the final curves were drawn. 

In most instances, it was found that a simple 
average of the percentage turnpike use be- 
tween pairs of zones falling into the same 
group of ratios or minutes was preferable to 
an average weighted in accordance with the 
number of trips between each pair of zones. 
This was likely due to the very large number 
of trips from certain urban zones where the 


DISTANCE RATIO = DIST. VIA TURNPIKE ~+ DIST. VIA HIGHWAY 


Figure 12.—Turnpike usage by commercial vehicles in relation to 


the distance ratio. 


usage ratio was not comparable to those for 
other zones. By weighting in such cases, the 
unusual movement had entirely too much 
influence on the curve. 


Turnpike Usage Related to Time 
Ratio 


Time ratios for trips between the various 
zones were computed for passenger cars and 
commercial vehicles separately. The percent- 
age of turnpike use was plotted against the 
time ratios, grouped as previously explained. 
The resulting curves are shown in figures 9 
and 10. 

The time ratio was computed by dividing 
the travel time for the toll facility by the travel 
time for regular highways. The time required 
to travel the separate routes was obtained 
from runs made by the floating-car method as 
previously indicated. 

In case the trip extended beyond the ends 
of the turnpike, time and distance were not 
figured for the entire trip in computing ratios, 
but for only that portion within the turnpike 
area. In this procedure, “points of choice” 
were designated; that is, for computation 
purposes, the termini of the longer trips were 
considered as the points where drivers made a 
choice of whether the turnpike would be used. 
The reason for using this procedure is that 
travel time and distance for the portion of a 
trip lying beyond the turnpike area are the 
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same for trips made on the turnpike and those 
which are not, and the ratios tend to approach 
unity as distance beyond the turnpike area 
increases. 

The effect on time ratios of that portion of 
the trip not eligible to use the turnpike may 
be illustrated as follows: Passenger-car trips 
between the Ohio State line and Philadelphia 
have a time ratio of 0.65 for which the curve 
in figure 9 indicates a 92-percent turnpike 
usage. An extra 100 miles beyond the turn- 
pike causes an increase to 0.73 of the time 
ratio with a consequent reduction of indicated 
turnpike usage to 85 percent as determined 
from the curve. An increase in trip length of 
1,000 miles increases the time ratio to 0.91 
and reduces the indicated turnpike usage to 
33 percent. 

This means that the three groups of trips 
considered, which could be made on the turn- 
pike between the Ohio line and Philadelphia 
and save the same amount of time, would have 
three different time ratios, and the turnpike 
usage on the basis of the time-ratio curve 
would be 92, 85, and 33 percent, respectively. 

It has been definitely established that 
approximately the same percentage of trips 
are made on the Pennsylvania Turnpike 
between zones west of the Ohio line and 
Philadelphia. or east of the Delaware River, 
regardless of whether the origin is near the 
turnpike or at points as far away as the west 
coast or New England. Therefore, for trips 
with termini beyond the turnpike where 
drivers could logically use either the turnpike 
or a parallel road, a point of choice was estab- 
lished before computing time and distance 
ratios. Trips with origin or destination west 
of Pennsylvania were assigned the Ohio line 
as an approximate point of choice. Deerfield, 
Ohio, was used for points to the north, such as 
Cleveland, Ohio, and Michigan; Canton, Ohio, 
for trips normally using U. 8. 30; and Wash- 
ington, Pa., for trips between the southwest 
and east that pass through the Pennsylvania 
corridor. It was found that a point of choice 
appeared to be near Somerville, N. J., for 
trips with origin or destination in northern 
New Jersey and beyond Somerville. 

Because the points of choice are definite 
points on the highway, the time and distance 
ratios for trips extending beyond the turnpike 
area are more accurate than the ratios for 
trips with both termini within the turnpike 
area, where time and distance are measured 


Table 3.—Standard error of estimate of 
percentage of turnpike use based on the 
variation of points from a final curve in 
each category 











Standard error of 
percentage of turn- 
pike use for— 
Turnpike usage criteria 
Passenger Cogn 
cars 
vehicles 
Percent | Percent 
Time ratio: 
Individual points-_--.----___- 12.3 17.1 
Averages of— 
i 6.2 11.9 
0.05 ratio groupings-_-_--_- 2.2 4.3 
0.10 ratio groupings--___--_- 9 2.8 
Distance ratio: 
Individual points. --_---.--_--- 21.2 24, 2 
Averages of— 
oo, 11.8 11.6 
0.05 ratio groupings------_- 4.4 5.3 
0.10 ratio groupings -_----_- 1.2 4.3 
Product of time and distance 
ratios: 
Individual points- ---------- 13.9 17.8 
Averages of— 
ot a, ee ae 10.3 13.2 
0.05 ratio groupings-------- 4.3 3.8 
0.10 ratio groupings.--_--_- 2.7 1.3 
Product of time ratio squared 
and distance ratio: 
Individual points----------- 12.6 18, 2 
Averages of— 
Se ees 13.3 16.6 
0.05 ratio groupings -__-__--_- 4.1 6.5 
0.10 ratio groupings-_-_----- 2.7 2.9 
Time differential (time saved or 
lost): 
Individual points-_---------- 11.9 13.5 
Averages of groupings by— 
5-minute intervals ___-----_- 8.5 12.9 
10-minute intervals ____---_- 7.8 7 
15-minute intervals___----- 3.4 11.1 
30-minute intervals____----|---.----.- 5.6 

















from center to center of zone. In the latter 
case, the time and distance for many of the 
trips differ materially from the measurements 
because origins and destinations may be near 
the edge rather than the center of the zone. 
This is one of the factors causing the previ- 
ously mentioned scatter in the plotted points 
for zone-to-zone movements. 

There are other important factors, however, 
contributing to this scatter. Drivers do not 
all travel at the same speed, so the time ratios 
between the same points vary among drivers. 
Also, the ease of driving on the turnpike ap- 
peals to some more than others and where a 
toll is involved, the financial status of indi- 
viduals has an important bearing on the 
choice of route. 

Because of these factors, it is impossible to 
determine whether a particular trip will be 
made on the turnpike, particularly if the time 
ratio is between 0.85 and 1.05, but it is possible 
to determine with a reasonable degree of ac- 





curacy the percentage of drivers that will do 
so. Within reasonable limits, therefore, it is 
possible to assign trips to a turnpike on thc 
basis of the time ratio. 

In the method of grouping used, the varia- 
tions just mentioned have been ironed out 
and the plotted points for the groups shown 
as X’s in the figures fall very close to a smooth 
curve, as in figures 9 and 10, for example. 
Before deciding upon the groupings shown 
other smaller groupings were tried and, in 
some instances, the shape of the curve was 
influenced to some extent by these smaller 
groupings. . 

From the curve in figure 9, the proportion o/ 
turnpike usage can be read for the time ratios 
computed for travel of passenger cars between 
zones. For example, when the time ratio 
was 0.67 or less, 90 percent or more of the 
trips were made on the turnpike. For a time 
ratio of 0.80, the percentage use approximated 
69 percent; for 0.90, it was 35 percent; for 
1.00 or equal time via the turnpike and via 
the free road, it approximated 19 percent. 
Because of higher speeds the distance via the 
turnpike was, of course, greater than the dis- 
tance via the free routes when travel time was 
equal; and it would appear that almost one- 
fifth of the drivers traveled this extra distance, 
saved no time, and yet paid toll. This is not 
necessarily true, however, because some of 
these drivers may actually have had lower 
time ratios because of the location of their 
origins and destinations within zones, driving 
habits, or other factors. The turnpike usage 
dropped to 7 percent at time ratio 1.10 and 
was down to about 2 percent at 1.20. 

The curve for commercial vehicles shown 
in figure 10 was drawn on the basis of group- 
ings similar to those used in plotting figure 9 
for passenger cars. The curve for commercial 
vehicles is somewhat steeper, and there is, on 
the whole, a lesser percentage of turnpike use 
for commercial vehicles than for passenger 
cars. For the whole curve, assuming even 
distribution throughout, approximately three- 
fourths as great a percentage of commercial 
vehicles as passenger cars used the turnpike. 
This percentage, of course, varies according 
to where the trip-time ratio falls on the curve. 


Figure 14 (Right).—Turnpike usage by 
commercial vehicles in relation to the 
product of time and distance ratios. 


Table 4.—Through trips of passenger car, commercial, and total vehicles between selected cities, together with the number and 
percentage of trips using the turnpike on an average summer weekday, 1950-52 
























































Passenger cars Commercial vehicles All vehicles 
Using turnpike Combinations Other commercial All commercial Using turnpike 
Year and location ; , 
Total Using turnpike Using turnpike Using turnpike Total 
Num.- | Percent a Total Total Total Num. | Percent 
ber | of total Num.- | Percent Num- | Percent Num- | Percent ber | of total 
| ber of total ber of total ber of total 
a 
1950: 
_ Pittsburgh-Philadelphia_-_____- | 171.1 87.3 196. 1 170.7 90. 7 188. 1 33.7 87.3 38 204. 4 90. 2 226. 7 375.5 88.8 | 422.8 
Pittsburgh-Philadelphia cis aeeinetiia 209. 4 91.0 230.1 171.8 95. 6 179.7 36. 7 80. 5 45. 208. 5 92.5 225.3 417.9 91.8 455. 4 
ee leaareaahe oe | 1849 89.7 206. 1 37.3 94. 2 39. 6 6.5 100. 0 6. 43.8 95.0 46.1 228. 7 90.7 252. 2 
Pittsburgh- Philadelphia a | 227.1 88.5 256. 5 162.6 86.0 189. 1 26.9 82.8 32. 189.5 85.5 221.6 416.6 87.1 478. 1 
Harrisburg-Philadelphia-_--_____- 497.6 75.6 658. 2 25.4 22.6 112.3 37.9 59. 4 63. 63.3 35.9 176.1 560. 9 67.2 834.3 
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PRODUCT OF TIME AND DISTANCE RATIOS 
Figure 13.—Turnpike usage by passenger cars in relation to the product of time and distance ratios. 
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Figure 15.—Turnpike usage by passenger cars in relation to the product of time ratio squared and distance ratio. 
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Figure 16.—Turnpike usage by commercial vehicles in relation to the product of time ratio squared and distance ratio. 
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Figure 17.—Turnpike usage by passenger cars in relation to the time differential. 


The percentage use for commercial vehicles is 
much less than that for passenger cars as the 
time ratio increases to 0.80 and above, with 
only one-third as much as for passenger cars 
at a ratio of 1.05. 

A comparison of turnpike usage with that of 
a free road of similar design is valuable because 
it may give some indication of the effect of 
tolls on the usage of such a facility. A curve 
showing the percentage use of a portion of the 
Shirley Memorial Highway, a free fully con- 
trolled-access road in Virginia entering Wash- 
ington, D. C., was developed in a previous 
study.> If the curve developed for the Shirley 
Highway had been applicable to the Pennsyl- 
vania Turnpike, 62 percent of the eligible trips 
would have been made on the facility, whereas 
only 44 percent actually did so. In other 
words, approximately 70 percent of the trips 
that would have been made on such a free road 
had the Shirley Highway curve been appli- 
cable, actually were intercepted on the 
turnpike and paid toll. We cannot conclude 
that this percentage is an accurate measure of 
the effect of the toll charge on turnpike usage, 
however, as there are other important differ- 
ences between the two highways. The Shirley 
Highway is shorter and has more frequent 
interchanges than the Pennsylvania Turnpike. 
Even more important, perhaps, is the fact that 





5 The effect: of travel time and distance on freeway usage, by 
Darel L. Trueblood. Pusiic Roans, vol. 26, No. 12, Feb. 
1952, 
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it is located largely in an urban area, whereas 
the area through which the turnpike passes 
is dominantly rural. 


Turnpike Usage Related to Distance 
Ratio 


Distance ratios were computed in a manner 
similar to that for time ratios already described 
except that distances were substituted for time. 
For trips extending beyond the turnpike limits, 
distance ratios were computed from point of 
choice, as in the case of time ratios. Turnpike 
usage in relation to distance ratios for pas- 
senger cars is shown in figure 11. 

Few of the distance ratios in Pennsylvania 
are less than 1.00. Where the distance is the 
same, a very large percentage of vehicles will 
be found on the turnpike, since in such case 
there is a substantial saving in time. In fact, 
at a distance ratio of 1.00 and at a time ratio 
of 0.79, about 73 percent of the passenger cars 
in Pennsylvania, on the average, used the 
turnpike. As in the case of the time-ratio 
chart (fig. 9), the distance-ratio chart has 
critical areas where the scatter is rather large 
when plotted for individual zone-to-zone trip 
interchanges, but by properly combining the 
data a logical series of points can be cbtained 
to establish a curve. 

The comments concerning distance ratios for 
passenger cars apply in general to commercial 
vehicles. However, for commercial vehicles, 


the shape of the distance-ratio curve (fig. 12) 
is more nearly like the time-ratio curve (fig. 10) 
than was the case for passenger cars. Of 
course, the values for distance ratio are greater. 
Where the distances are equal via the turnpike 
and via highways; i. e., ratio 1.00, about 68 
percent of the total commercial vehicles used 
the turnpike. This is 5 points less than at the 
same distance ratio for passenger cars. There 
was a considerably lower percentage of com- 
mercial vehicles using the turnpike than in the 
‘ase of passenger cars when the distance ratio 
was 1.25 or greater. 


Turnpike Usage Related to Product 
of Time and Distance Ratios 


In figure 13 is presented a curve indicating 
the turnpike use for the several values of the 
product of the time and distance ratios for 
passenger cars. This curve is less steep than 
either the time- or distance-ratio curves for 
passenger cars. The ratio ranges from less 
than 0.70 to more than 1.70 or almost twice 
the spread for the time ratio. 

The turnpike usage as read from this curve 
amounts to about 90 percent at 0.68, which is 
practically the same as indicated by the time- 
ratio curve. However, at ratio 1.00, 36 per- 
cent instead of 19 percent used the turnpike. 
There was a 4-percent usage of the turnpike 
at product ratio 1.70, while for the time 
ratio this percent usage occurs at 1.16. 
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Figure 18.—Turnpike usage by commercial vehicles in relation to the time differential. 


The curve for turnpike usage for commer- 
cial vehicles is shown in figure 14. This is 
somewhat similar to the passenger-car curve, 
but a little steeper. Also, the turnpike usage 
is almost nil after the ratio reaches 1.35, 
whereas the passenger-car curve still shows 
4-percent usage at 1.70. 

The difference in turnpike usage between 
the two curves is about 13 percentage points 
at 0.80 and 4 points at 1.60 and above. At 
1.00 ratio 27 percent of the commercial ve- 
hicles used the turnpike as compared with 36 
percent for passenger cars. At 1.00 the dif- 
ference is, therefore, 9 percentage points, but 
this is equivalent to 33 percent more passenger 
cars than commercial vehicles. 


Usage Related to Product of Time 
Ratio Squared and Distance Ratio 


The product of time and distance ratios has 
a tendency to flatten the curve in comparison 
with either time-ratio or distance-ratio curves. 
Time ratio may be more indicative of turn- 
pike usage than distance ratio, since the dis- 
tance ratio between two zones remains con- 
stant while the time ratio may vary for the 
same zones from time to time because of 
changes in speed. For example, the time 
ratio may be reduced with consequent in- 
crease in turnpike use when the parallel free 


road becomes congested to the extent that 
driving time is increased thereon. 

This being true, it was thought that assign- 
ing more weight to the time ratio might im- 
prove the curve based on the product of time 
and distance ratios. After much experiment- 
ing, it was found that the square of the time 
ratio multiplied by the distance ratio (T? D 
ratios) gave good results. Such a curve is 
shown in figure 15 for passenger cars. The 
range in ratios is from less than 0.50 to over 
2.00, or almost 3 times the range for time 
ratio (fig. 9). 

The curve for commercial vehicles, figure 
16, is quite similar to the one for passenger 
cars but, as usual, the commercial usage of 
the turnpike is less than for passenger cars for 
the same ratio. The commercial-vehicle curve 
ranges from less than 0.40 to 1.90. Actually 
the turnpike usage becomes practically zero at 
1.70 and above. The passenger-car curve shows 
2 percent use of the turnpike at 2.10. 

At ratio 1.00, more than 25 percent of the 
passenger cars use the turnpike, while only 
17 percent of the commercial vehicles do so 
for the same value. 


Usage Related to Time Differential 


The curve showing turnpike usage on the 
basis of time saved or lost for passenger cars 


is shown in figure 17. Like all of the usage 
curves, there was considerable scatter when 
individual zone-to-zone movements were used. 
By grouping into 15-minute intervals the data 
became sufficiently well stabilized so that a 
smooth curve could be drawn. With smaller 
time groupings, a number of points were con- 
siderably out of line, but for portions of the 
curve where this was not the case they were 
sometimes used fo aid in determining the 
exact shape of the curve. 

It will be noted that some trips were made 
on the turnpike even with a 20-minute loss in 
time, which means a considerable loss in 
distance. With a saving of 20 minutes, 
approximately 40 percent of the drivers paid 
toll in preference to using the regular high- 
ways; this percentage increases to over 
two-thirds of the trips with an hour’s saving 
in time, and to 93 percent with a 3-hour saving. 

The minutes-saved curve for commercial 
vehicles is shown in figure 18. The scatter 
pattern for trucks is such that the groupings 
in number of minutes saved is double that for 
passenger cars (30 minutes instead of 15) 
before stability results. 

For commercial vehicles the use of the 
turnpike was less than for the same time 
saving for passenger cars. For 20-minute 
time saving there was 25 percent usage for 
trucks compared with 40 percent for passenger 
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Figure 19.—Number of through trips between Pittsburgh and Philadelphia for passenger cars and commercial vehicles on an average 
summer weekday, related to turnpike usage and trip purpose (passenger cars) for years 1950-52. 
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Figure 20.—Turnpike usage for through trips between selected cities on an average summer weekday. 


cars; for 1-hour time saving, a 48 percent usage 
compared with 67 percent for passenger cars; 
for a 2-hour time saving, a 71 percent usage 
compared with 83 percent for passenger cars; 
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and for a 3-hour saving, an 83 percent usage 
compared with 93 percent for passenger cars. 
No trucks losing 10 minutes or more used 
the turnpike. 


Standard Error of Estimate 


The standard error of estimate has been 
computed for each of the curves in this report 
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Figure 21.—Percentage of passenger cars using the turnpike between Philadelphia and areas along the turnpike route on an average 


as a measure of the scatter of the averages of 
the grouped data from the fitted curve. 
Curves plotted parallel to a fitted curve and 
at a distance of plus or minus 1 standard error 
from it will contain within their bounds 
approximately two-thirds of the points to 
which the curve was fitted. 

In general, original observations have a 
greater degree of scatter than averages for 
groupings of the observations. Computing 
group averages prior to curve fitting has the 
effect of smoothing the data. This is justifiable 
if thereby the functional relation is made 
apparent. However, care must be taken lest 
excessive smoothing obscure the effects of 
factors which should be taken into account. 

In actual practice the origin and destination 
data are grouped in zone-to-zone movements. 
Unfortunately the trip interchange between 
zones is not uniform, varying from only a few 
trips to several thousand trips. The initial 
standard error was computed on the basis of 
the individual zone-to-zone movements not- 
withstanding the fact that some of the zone- 
to-zone trips were so few that they hardly 
constituted a sample of adequate size. 

To mitigate the effect of the small sample, 
the data were then successively grouped into 
large units. In the case of ratio abscissa the 
trips within each 0.01 ratio were added to- 
gether to give one point, then within each 


summer weekday in 1952. 


0.05 ratio to give one point, and finally within 
each 0.10 ratio to give one point. In the case 
of time differential, similar groupings were 
successively made within 5-minute, 10- 
minute, 15-minute, and 30-minute intervals. 
The results of these calculations for both 
passenger cars and commercial vehicles are 
tabulated in table 3. 

For the individual zone-to-zone movements, 
time differential has slightly greater accuracy 
than the other curves for both passenger czars 
and trucks. However, as the data are grouped 
the time-ratio curve appears to give the best 
results. In addition, time differential is 
inherently dependent on the length of the 
turnpike and would, therefore, require a series 
of curves for each length of turnpike. Time 
ratio, on the other hand, is independent of 
length and is more generally applicable, 
particularly in view of the small difference 
in standard error. 

The computation of standard error is of 
importance mainly in the comparison of 
methods. In the application of the results, 
the interest lies in the accuracy of the total 
volume which will use a facility rather than 
in the accuracy of the individual zone-to-zone 
movements. 

Since any estimate of total turnpike volume 
would involve a large number of zone-to-zone 
movements, the proportion the standard error 


of the total bears to the total volume would 
be substantially smaller than the proportions 
the standard errors of estimates of zone-to- 
zone movements bear to zone totals. In 
absolute amount the former would be larger 
than any of the latter. It is probable that 
the size of the relative sampling error of the 
total volume is well within the accuracy of 
present measurements of zone-to-zone move- 
ments and of predictions of trends. 
Philadelphia Trips 

In figure 19 and table 4 are presented data 
for trips between Philadelphia and the Pitts- 
burgh metropolitan area for 3 years. The 
1950 and 1952 trip information was obtained 
at the same locations in eastern Pennsylvania 
between Harrisburg and Philadelphia. The 
1951 data were collected in western Pennsyl- 
vania just east of Pittsburgh in connection 
with a study of the western extension of the 
turnpike. The time of operation was the 
same for all three samples and represents a 
summer weekday. Though the 1951 infor- 
mation was obtained more than 150 miles 
from the nearest operation in the East, the 
Philadelphia-Pittsburgh trips were intercepted 
in both studies and the data should be 
comparable. 

The similarity of the number of trips, the 
type of vehicle, the purpose of trips for pas- 
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Figure 22.—Percentage of commercial vehicles using the turnpike between Philadelphia and areas along the route on an average summer 


senger cars, and the percentage use of the 
turnpike in the several categories indicate the 
adequacy of the samples obtained in the three 
surveys. The number of passenger-car trips 
by purpose (work or business, social-recrea- 
tion, vacation, and other) and the total trips 
for passenger cars and commercial vehicles 
with the latter divided into combinations and 
other commercial are shown in figure 19. 
The percentage of turnpike use by years for 
all purposes and for all types of vehicles is 
also indicated. A remarkable fact is that 
the average number of passenger-car trips 
between Philadelphia and Pittsburgh during 
the 3 years was almost exactly the same as 
the average number of commercial trips dur- 
ing the same period (228 and 225, respec- 
tively). However, passenger-car trips were 
increasing while commercial trips were de- 
creasing. Also, about the same number of 
passenger-car and commercial-vehicle trips 
used the turnpike for the same 3 years (203 
and 201, respectively). Trips for work or 
business and vacation increased steadily over 
the 3-year period, while those for social and 
recreation and for other purposes remained 
fairly constant. Turnpike usage by trips for 
work or business increased from 86 to 92 
percent, but there was no apparent trend in 
turnpike usage by trips for the purposes in 
other categories. The high percentage use 


PUBLIC ROADS ® Vol. 28, No. 10 


weekday in 1952. 


of the turnpike by passenger-car and com- 
mercial-vehicle trips is evidently due to the 
very great saving in time for both passenger 
cars and trucks. There is a large saving of 
fuel for trucks, particularly on the original 
section of the Pennsylvania Turnpike between 
Irwin and Carlisle. 

The percentages of passenger-car trips be- 
tween Philadelphia and Pittsburgh made for 
each purpose were similar for 1950, 1951, and 
1952. Trips for work or business were 47, 
46, and 49 percent of the total for each of the 
3 years, respectively; for social-recreation 29, 
28, 23; for vacation 22, 26, 26; and for other 
purposes 2, 0.5, and 2. 

In figure 20 and table 4 are presented data 
showing the differences in turnpike usage for 
trips between Harrisburg and Philadelphia as 
compared with trips between Pittsburgh and 
Philadelphia and Pittsburgh and Harrisburg. 
Vehicles in the latter two categories use the 
turnpike to a considerably greater degree than 
those between Harrisburg and Philadelphia. 
The Pittsburgh-Philadelphia trips are shown 
for 1950, 1951, and 1952; the Pittsburgh- 
Harrisburg trips are shown for 1951 only, 
because these trips were not intercepted in the 
1950 and 1952 surveys which were confined 
to the eastern extension; and the Harrisburg- 
Philadelphia trips are shown for 1952 only, 
because this section of the turnpike was not 


open in 1950 when the first survey on the east- 
ern extension was made. 

While 36 percent of all truck trips were made 
on the turnpike between Harrisburg and Phila- 
delphia in 1952, only 23 percent of the com- 
bination vehicles used it. The reason for the 
low turnpike usage by these large vehicles has 
not been determined. 

In 1951, 49 percent of the total trips be- 
tween Pittsburgh and Philadelphia were made 
by commercial vehicles while only 18 per- 
cent were by commercial vehicles between 
Pittsburgh and Harrisburg. In 1952, 46 
percent of the trips between Pittsburgh and 
Philadelphia were by commercial vehicles 
compared with only 21 percent for the Harris- 
burg—Philadelphia trips. 

It was found that there was greater turn- 
pike usage between Harrisburg and Philadel- 
phia than between Harrisburg and the areas 
around New York City and New England. 
This was expected since a part of the traffic 
used the shorter routes via U. 8S. 22, going 
northeast from Harrisburg rather than the 
longer one via the turnpike and Philadelphia. 

Figure 21 shows the relative passenger-car 
turnpike usage by trips between certain areas 
along the turnpike and Philadelphia in 1952. 
The areas are marked by different types of 
shading, so drawn that the usage of the turn- 
pike by passenger-car trips between each area 
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Figure 23.—Percentage change, 1950-52, in passenger-car trips between Philadelphia and 
areas of varying turnpike usage. 


and Philadelphia falls within a specified 
percentage range. 


Eighty to one hundred percent of the passen- 
ger-car trips with origin and destination in the 
area west of a point midway between Car- 
lisle and Bedford were made on the turnpike. 
This area extends upward across U. 8. 422 
just west of Johnstown. Of the trips between 
Pittsburgh and Philadelphia, 89 percent were 
made on the turnpike. 


There is another area of 80- to 100-percent 
usage extending westward from Harrisburg 
and including Carlisle. For passenger cars, 
60 to 80 percent of the vehicles traveling 
between Philadelphia and areas along U. 8. 
22 from Harrisburg to Johnstown used the 
turnpike. The area where the usage was less 
than 20 percent extends from the Philadel- 
phia end of the turnpike westward for about 
40 miles and farther south, almost 100 miles 
westward along U. S. 30. 


Figure 22 shows the relative turnpike use by 
commercial-vehicle trips in and out of Phila- 
delphia in the same manner as passenger cars 
are shown in figure 21. The area where the 
turnpike usage was less than 20 percent was 
the same as that for passenger cars. The per- 
centage of turnpike use for commercial vehi- 
cles in this area was very low in most cases, 
being 5 percent for Reading, 5 percent for 
Lancaster, and only 1 percent for York. Be- 
tween Harrisburg and Philadelphia, 36 percent 
of the commercial vehicles used the turnpike 
compared with 76 percent of the passenger 
cars. The area to and from which*20 to 40 
percent of the Philadelphia trips were over the 
turnpike includes Harrisburg and extends 
westward to the north along the route of U.S. 
22 and U. S. 422 to a point north of Pittsburgh. 
This is in contrast with 60- to 80-percent usage 
by passenger cars for this area. South of the 
turnpike from Gettysburg westward, Phila- 
delphia trips with origin and destination close 


to U. S. 30 were made via the turnpike to a 
rapidly increasing degree. The 80- to 100- 
percent area is reached at a point about half 
way between Carlisle and Bedford. Beyond 
that point over 80 percent of the commercial 
trips in the area served by U. S. 30 as the 
principal free route were made on the turnpike. 

The high usage of the Pennsylvania Turn- 
pike by commercial vehicles is unique in turn- 
pike experience and is due principally to the 
very steep grades and sharp curves on U. 8. 30. 
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Traffic Generation 


Figure 23 shows the growth in the number 
of trips between Philadelphia and the different 
areas shown in figure 21 from 1950, before the 
turnpike was opened, to 1952 after it was 
opened. This comparison is for summer 
weekday trips. The 100-percent line on the 
chart represents the number of trips betwee 
the different areas and Philadelphia the year 
before the turnpike was opened. For the area 
in which less than 20 percent of the Phila- 
delphia trips were made on the turnpike, there 
was a 3-percent decline in the number of trips 
from 1950 to 1952. For the area in which 20 to 
40 percent of the vehicles used the turnpike, 
there was a 9-percent increase; for the 40- to 
60-percent area, a 1l-percent increase; for 
the 60- to 80-percent area, a 37-percent in- 
crease; and for the 80- to 100-percent area, a 
55-percent increase. Thus, the higher the 
percentage use of the turnpike by trips to and 
from Philadelphia for any area the greater was 
the growth in the number of these trips after 
the turnpike was opened, indicating definitely 
that the increase was caused by the existence 
of the turnpike. 

Figure 24 shows the percentage increase in 
the number of trips between Philadelphia and 
certain cities along the turnpike route after 
the turnpike was opened. For Reading, where 
the percentage use of the turnpike was 14 per- 
cent as indicated by the figure below the bar, 
there was only a 2-percent increase in the 
number of Philadelphia trips, as indicated by 
the height of the bar; for Harrisburg where the 
usage was 76 percent, there was a 53-percent 
increase in the number of trips to and from 
Philadelphia. For Carlisle and the intervening 
area west of Harrisburg, where there was an 
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Figure 24.—Percentage change, 1950-52, in passenger-car trips between 
Philadelphia and cities along the turnpike. 
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Figure 25.—Traffic growth on the original section of the turnpike (Irwin-Carlisle) compared 
with that on main rural roads in Pennsylvania, 1947-54. 


88-percent usage of the turnpike for Phila- 
delphia trips, the increase in the number of 
trips was 129 percent. This area is at the 
western end of the eastern extension of the 
Pennsylvania Turnpike and would, therefore, 
benefit more proportionately by the opening 
of the turnpike than any other area. 

A number of these trips were undoubtedly 
new trips which would not have been made had 
not the turnpike been built, but some of them 
also were probably diverted from public car- 
riers. Trips between Philadelphia and Pitts- 
burgh have benefited by the existence of the 
original section of the Pennsylvania Turnpike 
from Irwin to Carlisle for many years, and the 
opening of the eastern extension was not so 
important, relatively, for these trips as it was 
for the trips between Carlisle and Philadelphia. 
For this reason, the percentage increase in the 
number of trips from Pittsburgh to Phila- 
delphia after the opening of the eastern exten- 
sion of the turnpike was only 31 percent. 

From traffic counts before and after the 
opening of the turnpike, an attempt was made 
to estimate the total traffic generated between 
interchanges 19 (Harrisburg East) and 20 
(Lebanon). It would appear that about 40 
percent of the traffic on the turnpike between 
these interchanges was composed of new trips 
induced by the facility. However, some of 
these trips may have been diverted from routes 
so far away that they were not included in the 
study. In attempting to estimate traffic 
generation from counts alone, this uncertainty 
is always present. 


Turnpike Traffic Growth 


Figure 25 shows the growth from 1947 to 
1954 of traffic on the original section of the 
Pennsylvania Turnpike between Irwin and 
Carlisle compared with that of other main 
rural roads in Pennsylvania, and all main rural 
roads including the eastern and western exten- 
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sions of the turnpike during this same period. 
This figure is plotted on semilogarithmic 
paper, which has the characteristic of present- 
ing equal rates of growth as parallel lines 
regardless of the height of the curve on the 
chart. Throughout the period from 1947 to 
1952 the turnpike curve has a steeper slope 
than the curve for the other roads, indicating 
a more rapid growth. From 1952 to 1953 the 
two curves are very nearly parallel, and from 
1953 to 1954 the turnpike curve drops, while 
the curve for other main rural roads continues 
to rise. This drop in traffic, 2.5 percent, on 
the old section of the turnpike in 1954 was 
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largely due to a decline in truck usage of 6.4 
percent, since passenger-car usage remained 
practically the same. Probably this is related 
to general economic conditions, there being a 
slight decline in the Gross National Product 
from 1953 to 1954. 


The old section of the turnpike had been in 
operation for 7 years in 1947 so the more rapid 
growth of the turnpike traffic up to 1952 does 
not represent generation occuring soon after 
the opening of a new facility of this kind. 
There is no way of knowing whether it repre- 
sents continuing generation or increasing 
diversion. The very steep slope of the turn- 
pike curve from 1950 to 1952 undoubtedly 
shows the effect of the opening of the eastern 
and western extensions. The former was 
opened in November 1950 and the latter, 
partly in August and partly in December 1951. 
This is a good illustration of the effect of turn- 
pike extensions and connections on traffic 
using the old section. 


Figure 26 shows the growth of traffic on the 
old section of the Pennsylvania Turnpike 
throughout its life compared with that on 
other important rural roads in Pennsylvania, 
and on all rural roads including all sections of 
the turnpike. During the war years, traffic on 
the turnpike decreased much more rapidly 
than that on the other roads, but after 1944, 
the last full year of the war, it made a rapid 
recovery, and in 1954 it was 180 percent higher 
than in 1941, whereas traffic on other principal 
roads in Pennsylvania was only 26 percent, 
and including the turnpike, only 39 percent 
higher than in 1941. ' This exceptionally rapid 
growth of the Pennsylvania Turnpike traffic is 
probably due to unique features of this par- 
ticular project and it would certainly be un- 
wise to assume that such growth would be 
duplicated on other projects. 
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Figure 26.—Traffic growth on the original section of the turnpike (Irwin-Carlisle) compared 
with that on main rural roads in Pennsylvania, 1941-54. 
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Traffic Usage of Maine Turnpike 


BY THE HIGHWAY TRANSPORT RESEARCH BRANCH 


BUREAU OF PUBLIC ROADS 


The Maine Turnpike was opened to traffic 
on December 13, 1947, as an alternate route 
to U. S. 1 between Kittery and Portland, 
Maine. Traffic was interviewed both before 
and after construction and continuous 
volume counts have been available since 
1947. 

This article shows the traffic growth, the 
State of registration of the vehicles, the 
repetitive frequency of trips on both high- 
ways, and the effect of these variables on 
the proportion of traffic using the turnpike. 
An empirical curve of passenger-car traffic 
diverted to the toll road on the basis of 
time ratio is established and compared with 
similar curves for the Pennsylvania Turn- 
pike and a free limited-access facility. 

The effect of increasing the toll rate from 
$0.50 to $0.60 and subsequently to $0.75 for 
a full-length trip is investigated and related 
to the amount of traffic using the turnpike. 
The amount of traffic attracted by the 
construction of the new facility beyond 
that anticipated from normal increase is 
determined, and the distribution of the 
excess increase between the old road and 
the turnpike is reported. 


HE Maine Turnpike, a 42.2-mile toll 

facility, provides an alternate route of 
travel to U. 8. 1 between Portsmouth, N. H., 
and Portland, Maine, as shown in figure 1. 
The turnpike is a four-lane divided highway 
with full access control as compared to U.S. 1, 
a basically three-lane roadway with unre- 
stricted access. 

The local area directly served by the route 
has a population of about 64,000, which is an 
average density of about 200 persons per 
square mile. In addition, this local area 
borders the Atlantic Ocean and provides a 
strong attraction for recreation and vacation 
traffic during the summer months. 

Portland, which is located immediately 
north of the turnpike, has an urban area 
population of about 115,000; and Portsmouth. 
which is immediately south of the turnpike, 
has a population of about 19,000. Between 
these cities the principal sources of local 
traffic are to the east of U. 8. 1, while the 
turnpike is located to the west of U. S. 1. 
Thus, the use of the turnpike results in excess 
travel for a majority of the local trips. 

Access to the turnpike is provided at four 
intermediate toll stations as well as at each 
terminal station. A fifth intermediate toll 
station between the Saco interchange and 
the north terminus is operated during the 
summer months, 
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Previous Studies 


Origin and destination surveys were made 
in August and October of 1947 and 1948 
and in August of 1950. Partial results of 
these surveys were presented at a meeting of 
the Highway Research Board.! 

Data from both the Maine and Pennsyl- 
vania Turnpikes were combined in a paper pre- 


1 Proportionate use of Maine Turnpike by traffic through 
Portsmouth-Portland corridor, by J C Carpenter. Proceed- 
ings of the Highway Research Board, vol. 32, 1953, pp. 452- 
463. 
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sented at the annual meeting of the American 
Society of Civil Engineers in 1954.2 

It is the primary purpose of this article 
to show the relative magnitude of the various 
factors that influence the amount of traffic on 
the Maine Turnpike. The data reflect con- 
ditions as they exist in this area and, conse- 
quently, the conclusions will not necessarily 
be applicable in areas of substantially different 
characteristics. 


2 Traffic diversion to toll roads, by John T. Lynch. Proceed- 
ings of the American Society of Civil Engineers, vol. 81, 
separate No. 702, June 1955. 
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Figure 1.—Sketch of the Maine Turnpike corridor. 
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Figure 2.—Traffic using the Maine Turnpike as related to parallel route U. S. 1 at Mile 29 


Conclusions 


To determine accurately the amount of 
traffic that will be attracted to a new facility, 
it is necessary to obtain information concern- 
ing the origin and destination of trips and 
relative speeds on the existing highways as 
compared to the new facility. It has been 
found that the most accurate single measure 
of traffic diversion is time ratio; that is, the 
time required to make a trip on the improved 
facility divided by the time required to make 
it by the existing route. 

For preliminary purposes, rough estimates 
of the proportion of the traffic which would 
use a new facility can be made on the basis of 
less comprehensive field information, particu- 
larly if most of the potential traffic consists of 
diversion from an adjacent parallel route. 
Formulae for relating both traffic volume and 
State of vehicle registration to turnpike usage 
are developed in this article. 

These approximate measurements might 
serve to determine whether a proposed project 
has sufficient merit to justify further examina- 
tion by means of a study of the origins and 
destinations of the potential traffic. 

The traffic served by a new limited-access 
facility and the old parallel highway is the 
existing traffic multiplied by a normal in- 
crease factor and further multiplied by a 
generation factor. In the case of the Maine 
Turnpike and parallel U. 8. 1, the generation 
factor increased at approximately 6 percent a 
year for 5 years, after which it remained 
constant at approximately 1.30. 

In the case of Maine, origin and destination 
data obtained from screen lines at both ends 
of the proposed turnpike would have account- 
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for years 1948-54, as compared with 1947. 


Table 1.—Average daily traffic volume for 
the Maine Turnpike and parallel route 
U. S. 1 for the years 1948-54 











Average daily traffic for— Percent 
of traffic 
Year Maine — 
U.S.1 turn- Total a wo 
pike Jens 
ES cesoucins 4,194 3, 321 7, 515 44.2 
eS 4, 577 3, 719 8, 296 44.8 
5, 033 4, 252 9, 285 45.8 
it its 5, 551 4,809 | 10,360 46. 4 
ee , 039 5, 144 11, 183 46.0 
a 6, 5, 438 11, 660 46.6 
pS 6, 229 5, 653 11, 882 47.6 























ed for 99 percent of the traffic using the turn- 
pike. 

From the origin-destination data, the 
present and estimated future trips can prob- 
ably be assigned to a toll road from the Maine 
Turnpike or Pennsylvania Turnpike curve 
or an interpolation between the curves. 

The time-ratio curves appear to be applic- 
able for toll rates up to at least 1% cents per 
passenger-car mile. 


Traffic Growth 


Figure 2 shows the trend in traffic on U.S. 1 
and the Maine Turnpike from 1947 (the last 
year before the turnpike was opened) through 
1954. The U. S. 1 traffic data used in this 
comparison were recorded near the middle of 
the Maine Turnpike area where the volume 
was lowest, in order to eliminate as much as 
possible the effect of local traffic which could 
not conveniently use the toll road. 

In figure 2, the 1947 traffic volume on U.S. 1 
is assigned the value of 100. The line sloping 


upward on the chart represents the trend of 
traffic on other important routes throughout 
Maine in relation to 1947 traffic. The height 
of the individual bars represents the total 
amount of traffic in each year. The shading 
of the bars denotes the portion of the traffic 
that used U. 8. 1 and the turnpike. Figures 
within the shaded portions indicate the per- 
centage of total traffic that used each of 
these facilities. 


Traffic Diversion Related to Corridor 
Volume 


Figure 2 indicates the most simple measure 
of traffic diversion. If U. S. 1 and the turn- 
pike are defined as the corridor, then for each 
value of annual traffic volume in the corridor, 
a percentage diversion to the Maine Turnpike 
can be determined. Table 1 shows the 
average daily traffic volumes for the Maine 
Turnpike and parallel route U. S. 1, and the 
percentage of traffic using the turnpike for 
each of the years, 1948-54. The data essen- 
tially represent a straight line indicating a basic 
diversion of 39 percent to the turnpike, plus 
1 percent for every 1,400 average daily traffic 
in the corridor. This relation may be ex- 
pressed as follows: 

Percentage diversion to turnpike=39+ 90% 
, 

In order to compare the Maine Turnpike 
with other limited-access highways, it is de- 
sirable to take into account the surfaced width 
of the highway from which traffic is being 
diverted. U. S. 1 has an average width of 
32.8 feet. Thus, the figure 1,400 for average 
daily traffic can be interpreted as approxi- 
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Figure 3.—Monthly variations in the traffic flow. 


mately -425 ADT per 10-foot lane. The per- 
centage diversion on a volume basis can there- 
fore be more generally stated as: 


Percentage diversion to turnpike= 


ADT per 10-foot lane 
es 425 





Inasmuch as the Maine area attracts resort 
travel, the summer season has a much higher 
traffic volume than the remainder of the year. 
The magnitude of this variation is shown in 
figure 3. 

It is of interest to note that generally during 
those months in which the corridor is carrying 
more than the annual average volume, the 
turnpike is carrying relatively more traffic 
than U.S. 1. Conversely during the months 
of less than annual average volume, U. 8. 1 is 
carrying relatively more traffic. The seasonal 
fluctuations in traffic on U. 8S. 1 have been 
reduced somewhat by the construction of the 
turnpike, because the latter provides needed 
relief during peak flow. 

The percentage of the total traffic that is 
diverted to the turnpike for each month of the 
year was computed, thereby establishing a 
percentage diversion for a wide range of traffic 
volumes. The individual months for the 
7 years following the turnpike opening pro- 
vided 84 plotting points for determining a 
curve relating percentage diversion to traffic 
volume. Naturally there was some scatter 
to these points, but the use of a series of mov- 
ing averages resulted in a very smooth curve. 
The plotted points and the curve are shown in 
figure 4. In addition, figure 4 shows the line, 
previously discussed, representing the per- 
centage diversion for the average daily traffic 
volumes in the different years. The plotted 
points from which this line was established 
are also shown. ‘ 
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The curve for the monthly traffic volumes 
departs substantially from the straight line 
for the annual average figures, although the 
curves are reasonably close for the corridor 
volumes in which they overlap. The reason 
that the curve for monthly traffic volumes 
diverges downward from the line for annual 
traffic volumes is probably that low volume 
counts occur during the winter when travel 
is predominantly local, while the high volume 
months are in the summer when there is a 
substantial volume of out-of-State traffic. 
Thus, it is likely that the percentage of foreign 
vehicles (out-of-State) influences the percent- 
age diversion to the turnpike. 


As a matter of interest, the diversion per- 
centages for the first 2 years’ operation of the 
Oklahoma Turnpike are also plotted in figure 
4. These two points are somewhat above the 
Maine Turnpike curve which indicates a 
larger diversion percentage. Part of this ex- 
cess diversion is probably attributable to at- 
traction from more distant routes. However, 
figure 4 indicates that a percentage diversion 


based on volume does provide a rough approxi- f 


mation of the traffic on a toll road. 


States of Registration 


Table 2 shows the percentage of passenger 
cars using both U. 8. 1 and the Maine Turn- 
pike according to the States in which the ve- 
hicles are registered. From this table it is 
evident that foreign passenger cars use the 
turnpike in greater proportion than do local 
passenger cars. It is also evident that there 
is a material difference in usage by vehicles 
registered in the various States. 

Passenger cars registered in New Hampshire 
show less tendency to divert to the turnpike 
than do passenger cars registered in Massa- 
chusetts. New Hampshire is adjacent to the 
south end of the turnpike while Massachusetts 
is centered approximately 80 miles south of 
the Maine Turnpike. However, vehicles reg- 
istered in States more distant than Massa- 
chusetts have only a slightly higher tendency 
to divert and, as a matter of fact, passenger 
cars registered in States more than 500 miles 


Table 2.—Passenger-car traffic on both U. S. 1 and the Maine Turnpike according to State 









































of registration 
August 1948 October 1948! August 1950 
State of registration Percent of Percent Percent of Percent Percent of Percent 
corridor using corridor using corridor using 

traffic turnpike traffic turnpike traffic turnpike 
Ris ccgacidiewccnimindanae 33. 4 32 59.7 32 37.7 38 
Massachusetts. -.....-......--- 31.5 62 20.1 75 32.0 62 
2 =F esas 8.2 55 2.8 78 6.4 54 
New Hampshire.--.--.-..-.-- 6.6 35 5.6 53 6.5 42 
ERA 3.9 66 2.9 80 3.6 67 
es 3.1 65 1.3 80 2.6 60 
OIE UNNI ons cece dcnnccce 2.3 64 1.0 73 2.0 57 
| Ea 2.2 60 1.3 79 2.3 59 
0. eee 5 37 3 47 5 38 
CO ea 8.3 52 5.0 64 6.4 48 
<P eeeree 100.0 49 100.0 48 100.0 50 

1 Weekday traffic only. 
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Figure 4.—Percentage of traffic diverted to the Maine Turnpike as related to total traffic volume in the corridor. 


away appear to have slightly less tendency to 
divert than do vehicles registered in Massa- 
chusetts. 

In addition to distance, the location of the 
State relative to the general axis of the turn- 
pike appears to influence the diversion per- 
centage. For example, Vermont is about the 
same distance from the turnpike as Connecti- 
cut, yet approximately one-half the percentage 
of Vermont cars use the turnpike as compared 
with Connecticut cars. In this connection it is 
noted that Vermont is located approximately 
at right angles to the turnpike while Connecti- 
cut is almost in line with the turnpike. 

Finally, it is also evident that the diversion 
percentage of foreign traffic is dependent on 
the season of the year. Presumably many of 
the foreign cars, particularly from the more 
distant States, spend an appreciable amount 
of time in the turnpike area and become, in 
effect, local cars for the duration of their visit. 

A mathematical expression which takes into 


account the factors mentioned and which ap- 
proximates the diversion to the turnpike is as 
follows: 


During resort season: 


Diversion=%+% K cos A 
Where: 


K=0 for State of Maine. 


Distance 
K= 100 
100 miles. 


K=1 for States more distant than 100 miles. 


A=Angle to the center of population of the 
State from general axis of turnpike. 


for distances between 0 and 


During other times: 


Diversion=%+% K cos A 
Where: 


K and A have the same significance as 
above. 3 


Table 3.—Trip frequency of traffic in the Maine Turnpike corridor 






































1947 1948 
Trip frequency —— 
August October ! August October ! 
Percent Percent Percent Percent Percent 
[ee ee en 15 23 10 18 7 
. | Dene ee ae 17 26 16 23 19 
pA Eas Pees — Sees. Shape 10 17 12 18 12 
; Ae ES et a ees 35 24 40 26 45 
Less than ones yearly....................<... 23 10 22 15 17 
REN tcehatecutesskmetenaneenebeny 100 100 100 100 100 
! Weekdays only. 
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While this formula may apply only in the 
case of the special situation of the Maine Turn- 
pike, it may be worthwhile to test it in other 
areas to see whether the formula, or a modi- 
fication of it, would be useful in making pre- 
liminary traffic estimates to determine whether 
a proposed project might be worthy of further 
investigation. 


Trip Frequency 


As traffic is stopped and interviewed, a num- 
ber of other characteristics of the traffic can be 
examined in more detail. One of the general 
elements that will increase the understanding 
of traffic behavior is that of trip frequency. 
Motorists who make a trip through an area 
every day will likely be acquainted with the 
location and condition of the various alternate 
routes. The infrequent user is more likely to 
follow route markings or to rely on general 
conceptions of the desirability of various 
routes. The trip frequency of traffic in the 
corridor, as determined from the interviews, 
is shown in table 3. 

It is of considerable significance that during 
the summer season well over half the traffic 
was making the trip annually or less frequently. 
Even in October these infrequent trips account 
for approximately one-third of the traffic. 
Generally speaking, a larger percentage of ve- 
hicles making infrequent trips would be ex- 
pected to use the turnpike than would those 
making trips on a more frequent basis. The 
actual percentages are shown in table 4. 
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Table 4.—Percentage of corridor traffic using Maine Turnpike according to trip frequency 





Trip frequency 





Pe iceiabaadaihsdneknckeneinsca comune wapekatbwanleas 
EEE EE Ree 
PU iiekiasdeasdecsstanwawcaannuuccneaasenesie 


August 1948 | October 1948 | August 1950 
PR ee ol ae A 11 15 12 
a aoe 31 34 29 
SENS SNE Pnee Parone ee 57 62 51 
Pusey Sep Pere erect 61 80 65 
ee ee ee 54 33 49 
ae Se me 49 48 50 

















It is noted that the percentage use varies 
with frequency about as expected except for 
those trips which are less frequent than annual. 
Trip frequency, however, does provide a rather 
sensitive indication of turnpike use. 


Time Ratio Studies 


With origin and destination data available, 
it is possible to establish the traffic diversion 
to the turnpike based on distance and time 
factors. The distance between zones of origin 
and destination was measured from maps. 
Travel time on U. S. 1 and the turnpike was 
obtained from field measurements. A time- 
ratio value was computed as time required to 
drive from origin to destination via the turn- 
pike divided by the time required via U. S. 1, 
except for trips with either origin or destina- 
tion beyond the limits of the turnpike. For 
these longer trips, the time was computed from 
a point near the turnpike where the motorist 
must make a choice of either U. S. 1 or the 
turnpike. The time ratio was computed from 
this point of choice. Figure 5 shows the diver- 
sion of passenger cars based on time ratio. 

Data for trips in August of 1948 and 1950 
were used in establishing the time-ratio curve. 





reliability can be obtained by comparing the 
diversion in each year with the average diver- 
sion of both years. 

The area served by the Maine Turnpike was 
divided into 31 zones. The total number of 
trips with origin or destination in each of these 
zones, together with the percentage of trips 
made on the turnpike, were established for 
1948 and 1950. The diversion to the turnpike 
of trips for each zone varied from less than 3 
percent in the local area to more than 70 per- 
cent in areas of surrounding States. 

Assuming that the average of 1948 and 
1950 data represents the most probable value 
of diversion, the standard deviation of diversion 
percentages for each of the 31 zones for each 
year and for the time-ratio curve is as 
follows: 


Standard 

deviation 

percent 
oo ee Beers 4.5 
i re er 3.4 
Time—ratio curve_____________- 8.0 


In examining each of the individual zones, 
it was noted that vehicles on trips from zones 
11 and 12 (fig. 1) actually divert to the turn- 
pike at a much higher percentage than antici- 





the highway network of the area indicates the 
reason for this apparent high diversion. In- 
terviews were conducted on only U. S. 1 and 
the turnpike. Vehicles traveling between 
zones 11 or 12 and Portland (or farther north) 
can also use U. 8. 202 and State Route 22. 
The turnpike can and probably does attract 
some of the trips from these routes thus in- 
creasing the number of trips on the turnpike. 
However, the trips remaining on U. S. 202 and 
State Route 22 are omitted from the sample. 
Since all of the diverted trips but only part of 
the total trips are included in the sample, the 
actual percentage diversion is understandably 
high. 

Since the total volume of trips from zones 
11 and 12 is small and the time-ratio curve is 


. the result of the smoothed integration of all 


trips, the high diversion from these two zones 
does not materially affect the time-ratio 
curve. However, from a statistical stand- 
point, the trips from these zones contribute an 
inordinate amount of the standard deviation. 
If zones 11 and 12 are omitted, the standard 
deviation of the remaining 29 zones is 5.9 per- 
cent instead of the 8 percent for all zones. 


Comparison With Other Time-Ratio 
Curves 


While the time-ratio curve has an acceptable 
degree of statistical accuracy when used with 
Maine data, the question naturally arises as 
to how it compares with other studies made of 
time-ratio curves.* In the articles cited in the 


3 The effect of travel time and distance on freeway usage, by 
Darel L. Trueblood. Purric RoAps, vol. 26, No. 12, Feb. 
1952; also Pennsylvania Turnpike traffic analysis, by Daniel 

















































































































From the 2-year traffic data, a measure of the pated from the time-ratio curve. A study of o’Flaherty. Pages 203-223 of this issue. 
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TIME RATIO= TIME VIA TURNPIKE + TIME VIA USI 


Figure 5.—Percentage of passenger cars using the Maine Turnpike in relation to the time ratio. 
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: 150 for the curve rotation is probably the effect 
te , of distance. The trips on the Pennsylvania 
nd a LEGEND Turnpike will average substantially longer 
en Through than trips on the Maine Turnpike. There- 
sh) fore, for equal time ratios other than 1.0, 
22. 130 Local to South the time saved or lost would be much greater 
uct Local to North for the Pennsylvania than for the Maine 
in- 120 be Turnpike, tending to increase the attractive- 
ke, ness of the longer turnpike where the ratio is 
nd less than 1.0 and to decrease it where the ratio 
le. 0 is greater than one. 
of A study of the rotation of the two curves 
she 100 indicates a number of features that should 
oly be kept in mind as further data become 
© 90 available. 
nes 4 1. The magnitude of time saved has an 
» ig = effect on the percentage diversion. At a 
all ro} 60 constant time ratio, the greater the time saved 
nes ‘i the greater the diversion. 
tio = 70 2. The magnitude of time lost also has an 
nd- ° an effect on the percentage diversion. At a 
an Ww 60 constant time ratio, the greater the time lost 
on. a. the less the diversion. 
ard ea 3. While the magnitude of time saved and 
er- time lost affects the diversion, the effect is 
less than that of time ratio. Thus, it is 
: 40 better to modify the time-ratio curves by 
tio i considering the minutes saved or lost, than 
30 \N SY it would be to modify minutes saved, or lost 
~< SN curves by time ratio. 
ble 20 SN 4. The fact that the diversion is the same 
ith for a time ratio of 1.0 on both the Maine and 
as Pennsylvania Turnpikes suggests that time 
> of Or ratio is a more vital factor than distance in 
the traffic diversion, considering the fact that at 
s 01 TPs ven — TRIPS vena. TRS ve TRIPS VEN tO eas gauene eee 
niel 1948 1949 1950 1951 turnpike. 
YEAR 5. The Maine and Pennsylvania Turnpikes 


approximate the minimum and maximum 
Figure 6.—Through and local passenger-car trips and vehicle-miles of 


length of turnpikes in the United States. 
travel on the Maine Turnpike for years 1949-51, as compared with Most turnpikes will fall into categories some- 
1948. 


where between these extremes. 


footnote, it is found that the curves show 
greater diversion to the limited-access facili- 
ties. The Shirley Freeway curve (Shirley 
Memorial Highway in Virginia) if applied to 
the Maine data would result in 38 percent 
greater diversion to the turnpike than actually 
exists, illustrating primarily the greater attrac- 
tion of traffic-to a free road, though other 
factors are involved such as more points of 
access on the Shirley Highway, and the urban 
characteristics of the area through which the 
freeway passes as compared to the rural charac- 
teristics of the Maine Turnpike area. 
Similarly the Pennsylvania Turnpike curve, 
though for a toll road, indicates an 18 percent 
greater diversion to the Maine Turnpike. 
It is noted, however, that the Maine and 
Pennsylvania curves have a striking similarity. 
Each of the curves show a diversion of about 18 
percent of the traffic when the time ratio is 1.0. 
For higher time ratios, the Maine Turnpike 
curve indicates greater diversion than the 
Pennsylvania Turnpike curve and for lower 
time ratios, the Maine curve indicates less ° 
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diversion than the Pennsylvania curve. Thus wie nats = wid YEAR aa wags acti’ rags 
if the Maine curve is rotated about the point 

of 1.0 time ratio, it will practically coincide Figure 7.—Percentage of traffic generated in the Maine Turnpike corridor, 
with the Pennsylvania curve. The reason 1947-54. 
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Table 5.—Traffic increase on U. S. 1 and the Maine Turnpike, 1948-54 


























U.8.1 Maine Turnpike 
rotar | Peroent, 
Year generated | °nera 
Actual — Generated | Actual —— Generated | _ traffic cnanaiies 
count increase traffic count increase traffic 
Se Risctepunadigtcaticerees Sc fee. a ee Ae ee i Bee eee es Re 
ASS 4, 577 4, 433 144 3, 719 3, 510 209 353 59 
(ees 5, 033 4,701 332 4, 252 3, 723 §29 861 61 
_ ae ertee 5, 551 4, 982 569 4, 809 3, 945 864 1, 433 60 
Serer ae 6, 039 5, 234 805 5, 144 4,145 999 1, 804 55 
/ Seles 6, 222 5,477 745 5, 438 4, 337 1,101 1, 846 60 
See 6, 5, 532 697 5, 653 4, 380 1, 273 1,970 65 




















Types of Trips Made on the Turnpike 


Traffic using the Maine Turnpike in the 
years 1948 through 1951 was divided into four 
groups as follows: 

Through trips.—Trips that were made be- 
tween the two terminal interchanges. 

Local south trips.—Trips made between an 
intermediate interchange and the south ter- 
minal interchange. 

Local north trips.—Trips made between an 
intermediate interchange and the north ter- 
minal interchange. 

Local trips.—Trips made between two in- 
termediate interchanges. 

Figure 6 shows the relative number of trips 
in each category and the contribution of each 
type of trip to the total vehicle-miles traveled 
on the turnpike. The total trips and vehicle- 
miles of travel in 1948 are shown as 100 per- 
cent, and the quantities in the succeeding 
years are related to the 1948 base year. It 
can be seen that through trips are not only 
the most frequent but contribute more than 
75 percent of the total traffic in each of the 
4 years. 

The usefulness of figure 6 is primarily in 
determining the number of interview lines 
that would be required in estimating traffic 
on a facility comparable to the Maine Turn- 
pike. 

Interview lines at the north and south ends 
intercepted about 99 percent of the total 
traffic using the turnpike. A south line alone 
would account for 90 percent of the traffic 
while one at the north alone, would account 
for about 85 percent of the traffic. 


Effect of Toll Rate 


The Maine Turnpike offers a good oppor- 
tunity to measure the effect of various toll 
rates. In May 1949, the toll was increased 


from 1.18 to 1.41 cents per passenger-car mile 
and in May 1952, the rate was further in- 
creased to 1.76 cents per passenger-car mile. 
If the increased toll has a deterrent effect, the 
percentage of traffic diverted to the toll road 
should be measurably less after the toll is 
increased. 

Actually, the diversion changed only slightly 
with the increase in toll. In the 11 months 
subsequent to May 1949, the traffic diversion 
was only 0.9 percent less than the 11 months 
preceding May 1949. Similarly in the 11 
months subsequent to May 1952, traffic diver- 
sion was only 1.9 percent less than in the 11 
months preceding May 1952. From data 
appearing in an earlier part of this article, it 
was shown that diversion tends to increase as 
the total corridor volume increases. In the 
11 months subsequent to May 1949, the aver- 
age corridor traffic volume increased by 675 
vehicles per day which corresponds to a 0.5- 
percent increase in diversion. Similarly the 
increased corridor volume subsequent to May 
1952, was 1,150 vehicles per day correspond- 
ing to an 0.8-percent increase in diversion. 

It, therefore, seems reasonable to assume 
that increasing the toll rate from 1.18 to 1.41 
cents per passenger-car mile had a total effect 
of losing the 0.5 percent anticipated increase 
plus the 0.9 percent actual decrease for a total 
decrease of 1.4 percent in diversion of passen- 
ger cars. Similarly the increase in tolls from 
1.41 to 1.76 cents per passenger-car mile had 
the effect of losing the 0.8 percent anticipated 
increase plus the 1.9 percent actual decrease 
or the total decrease of 2.7 percent. Combin- 
ing the two figures, the tetal effect of increas- 
ing the toll rate from 1.18 to 1.76 cents per 
passenger-car mile was a 4.l-percent reduc- 
tion in the turnpike percentage of passenger 
cars passing through the corridor, which 
amounts to an 8.2-percent decrease in the num- 
ber of passenger cars using the turnpike. 





Since the toll rate was increased 50 percert 
and traffic only decreased 8.2 percent, the net 
result was a 38-percent increase in revenue. 

It is, therefore, apparent that toll rates up t> 
1.76 cents per passenger-car mile will be paid 
in areas similar to the Maine Turnpike cor- 
ridor without a significant change in the num- 
ber of passenger cars using the toll road. 


Traffic Generation 


Figure 2 indicates that total traffic on both 
the turnpike and U. 8. 1 has been increasing ai 
a greater rate than for other important roads 
in the State. This excess increase is caused, 
for the most part, by traffic generation al- 
though the increase probably includes diver- 
sion from more distant routes, normal varia- 
tion in traffic flow, and development traffic. 

Assuming the increase on the other impor- 
tant rural roads represents the increase that 
could have been anticipated had not the turn- 
pike been constructed, the excess increase in 
the volume of traffic in the Maine Turnpike 
corridor is shown in figure 7 as traffic genera- 
tion. The percentage shown is the amount 
that normally increasing traffic would have to 
be further increased to equa! the actual traffic 
volume. Figure 7 indicates that traffic in the 
corridor increased at a greater rate than nor- 
mal for about 5 years, at which time it was 
about 30 percent larger than would have been 
anticipated from normal growth. 

While figure 7 indicates traffic generation on 
both U. S. 1 and the turnpike, it does not pro- 
vide any information showing which facility 
was used by the generated traffic. This can 
be approximated in another manner. 

If the 1948 average daily traffic on U. S. 1 
and the turnpike is increased at the same rate 
as other important roads in Maine, it will be 
found that the computed traffic is not as large 
as the actual traffic as shown in table 5. 

From the table it can be seen that about 60 
percent of the traffic generated since 1948 is 
attracted to the turnpike and about 40 percent 
to U. 8. 1. It is of interest to note that 
U. 8. 1 continued to increase at a rate greater 
than normal until 1953, after which it in- 
creased at a rate less than normal. The aver- 
age daily traffic on U. 8S. 1 in 1953 and 1954 
was practically constant at about 6,225 
vehicles, which is approximately 1,900 ve- 
hicles per day per 10-foot lane—nearly the 
same as in 1947. This observation suggests 
that U. 8. 1 has again reached a point of con- 
gestion where traffic seeks to avoid it. 





A recent report, The Financing of Highways 
by Counties and Local Rural Governments, 
1942-51, is the second publication resulting 
from an extensive long-term study by the 
Bureau of Public Roads. The report pre- 
sents a discussion, and detailed statistical 
data, concerning the financing of highways by 
the county and local rural governments during 
the 10-year period. Included is information 


New Publication 


for each year, by States, on county and local 
receipts, expenditures, and debt for rural 
highways. Comparisons with earlier years 
are included in the summary tables and charts. 

The report was made possible by the col- 
lection of the basic data through the efforts 
of the State highway departments, the county 
and local governments, and the field offices 


of the Bureau of Public Roads. The analysis 


and presentation were the work of the Finan- 
cial and Administrative Research Branch, 
Bureau of Public Roads. 

This publication is a sequel to the first 
study report, The Financing of Highways by 
Counties and Local Rural Governments, 
1931-41. The present report is available 
from the Superintendent of Documents, 
U. 8. Government Printing Office, Washington 
25, D. C., at 75 cents a copy. 


U. S, GOVERNMENT PRINTING OFFICE: 1985 
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é 
STATUS OF FEDERAL-AID HIGHWAY PROGRAM 
AS OF AUGUST 31, 1955 
(Thousand Dollars) 
A ae ACTIVE PROGRAM a 
STATE “ecaae an PROGRAMMED ONLY eisiapeaee rane uae weit. E | ' peactichienncariin~ _ WAY | TOTAL 
: Cont | “haa | tee | eee | eae | tee] | Pumas Mle oe co 
Alabama $24,105 $11,897 $6,316 285.9 $5,210 $2,904 64.0 $44, 376 $22,551 726.3 $61,483 $31,772 1,076.2 
Arizona 12,337 2,850 2,165 65.6 1,347 947 40.9 10,690 7,612 185.0 14,887 10,924 291.5 
Achenee |_ 3,414 | 248.41 5,037 | 2,701 | 68,2 | 21,702 534.7 33,111 17,155 | 851.3 
California 27,936 45 ,87% 25,117 | 262.2 8,061 4,625 8.2 | 133,431 | 65,777 319.0 187,366 955519 589.4 
Colorado 20,814 8,948 4,997 182.4 1,888 1,202 18.4 19,577 | 10,523 188.6 30,413 16,722 389.4 
se nore 23,164 1,140 570 6.0 506 250 2 | 4,602 12.3 10,955 5,422 19.2 
Selawar 6,951 2,546 1,288 15.8 400 207 13.0 8,106 4,395 23.1 11,052 5,890 51.9 
Florida 18,338 20,742 10,773 345.0 10,2h2 5,158 72.7 24,782 | 12,557 280.3 55,766 28,488 698.0 
Lo 30,255 19,113 9,619 366.3| 9,364 4,279 67.5 Ie 062 TE al 72,539 | _ 34,582 | 1,198.2 
Idaho 10,696 67% 2,999 80.3 4,136 2,756 66.0 14,512 9,218 239.6 23,322 14,973 385.9 
Illinois 35,589 46,064 26,117 430.9| 15,156 7,798 37-4 91,817 | 48,711 728.% 153,037 82,626 | 1,196.7 
Pacman 33,117 23,955 112.6! 11,241 5,753 66.4 22,615 137.1 Tl. 41,313 | 326.1 | 
lowa 22 ,000 14,990 8,338 5757 5,854 3,090 96.0 28,587 | 15,675 | 1,079.3 49,431 27,103 | 1,751.0 f 
Kansas 21,423 9,826 4,922 768.4 6,017 3,222 99.2 23,662 | 11,877 | 1,002.8 39,505 20,021 | 1,870.4 
eS | 12,409 | 6,732 | 102.3 |___ 32.7 | sO, 35% 646.2 55,74 28,999 | 781.2 r 
Louisiana 18,402 9,962 4,981 74.9 6,346 3,173 91.5 42,700 | 20,226 461.8 59,008 28,360 628.2 
Maine 8,689 8,621 4,707 Tl.1 T16 390 5.6 13,279 6,805 9 876 11,902 193.6 E 
ee | 21,011 12,036 83.9 b,Qbb | _2,27h 15.6 12,540 6,668 81.6 38,495 19,978 181.1 
Massachusetts 27,549 9,950 4,965 25.9 3,686 1,831 6.6 43,917 20, eae 41.3 57,553 27,238 73.8 F 
Michigan 31,143 46,415 2115 | 729.3! 14,808 7,72 102.7 N6,720 | 23,468 | b3h65 07,943 552307 | 1,266.5 
Mississippi 4533] Bs2g8- | Bt030 | sa9c0) este | ashe | ance | orate 15, 380 20] 455250 23, 1,208.2 ' 
Missouri 27,096 23,103 12,257 | 1,035.0 3,508 1,887 5.5 79,270 | 41,175 | 1,324.2 ,881 55,319 | 2,364.6 r 
Montana = 21,295 9,909 6,179 210,0 6,157 3,560 | 138,8| 23,408 | 14,817 419.0 39,474 24,55 67.8 
Nebraska 19,146 20,499 10,657 951.1 6,025 2,731 64.9 | 32,694 | 17,958 856.9 59,210 31,3 1 be5 , 
Nevada : 15,719 2,911 2,473 78.3 781 650 21.0 7,91 ’ 149.2 11,643 9,7 248.5 
Kew Seen 8,003 1,940 970 12.7 _ 997 498 6.1 6,572 3,374 41.2 9,509 4, 20 
New Jersey 25 B45 14,086 6,586 5767 8,097 4,026 17.4 28,648 | 13,258 59.3 50,631 23,870 134.4 
New Mexico 13,876 3,328 2,106 57.8 3,978 2,583 78.2 9,545 6,105 199.2 16,851 10,794 335.2 
New York | _—s8,083 | ~90,607 | 10,280 |  _46,6| 3,745. 78.7 | 226,876 | 105,958 317.3 281,318 133,042 is 
North Carolina 26,501 18,281 9,040 305.4 5,370 2,62% 84.7 43,334 | 21,419 651.9 ° 33,083 | 1,042.0 
North Dakota 13,132 5,494 2,784 ae 7,078 3,548 699.0 12,112 — Pa pg #,17-6 
= YT 52,607 | 3.61 10,889 5,350 | 23.4 60,735 | 107. 2 . 
Oklahoma 25,849 12,720 6,843 27%.3| 1,405 7,333 166.9 | 27,698 | 14,518 387.6 54,819 28,694 828.8 
Oregon 13,612 9,127 5,458 113.7 1,934 1,156 6.6 16,741 | 10,342 237.1 27, 16,955 357-4 
ee 24,567 | 77.1! 25,981 | 13,307 63.9 | 93,190 |__ 46,332 254.8, 168,800 84,205 395.8 
Rhode Island 7,392 3,74 1,872 10.7 3,161 1,580 2.4 11,458 5,742 36.9 18,363 9,1 50.0 
South Carolina 16,672 12,448 6,673 360.2 5,005 2,686 23.3 18,563 9,801 344.7 36,016 19,160 728.2 
— eats” _| 13,102 | 7,586 | _ 642.7) 3,527 2,055 138.6 9, 5,716 477.8 26,521 15,317 | 1,258.1 
‘Toanseee 28,805 15,188 | 7,552|  260.9| 6,650 3,325 64k | 36,456 | 16,522 42.3 58,298 767. 
tah 58,289 meee | = 423.8 22,238 12,209 | 215-7 mt 43,118 | 1,219.9) 123,823 ome 1,859.4 
en Ss |__ 79,0] 2.95 1,645 | 12.5 | | a 
Vermont 6,508 | 1,820 | ‘ aus 17.9 103 33 gt [8,762 B58 | 303-8 10,684 372 203.8 
inia 25,501 12 2 220, 2,631 x 2 | x . 
_ Washington Tethoo | iptem |  Sisea| Toes! oes | Grd | eT | ith eh 37:6|_tetenn ‘ 375-1 
West Virginia 18,853 10,067 5,140 | 46.8] 3,824 1,905 28.0| 17,579 ’ | 9 31,470 15,885 153.7 
Wisconsin 26,279 10,801 | 5,258 174.6 5,374 2,677 | 29.0 4,851 | 22,463 | 586.9 61,026 30,398 790.5 
oe Sic iit! mss 2)n6s5 | _ 66,0} 9g 640 | 35.3 15,536 10,037 322.3 20,3 13,142 423.6 | 
Hawaii 6,070 1,355 | 678 | 2.7 3,970 1,960 4.2[  &,2k7 1,851 10.2 9,572 5,489 17.1 
District of Columbia 10,498 4,977 2,489 6.6 317 158 6 12,198 5,755 3.5 17,492 8,402 10.7 
ia asm ; | 2,633 | 1,272 —-1543/ 2,790 | = 836 || S| 16,074 | 7,322 59-1 20,497 9,419 T71.8 | 
TOTAL | 2,224,567 | 723,347 | 383,435 | 32,367-2 332,552 | 173,408 | 3,635.1 | 1,787,098 | 912,724 | 19,963.3| 2,842,996 | 1,468,567 |35,965.5 
































1/ Includes 1957 apportionment effective August 9, 1955. 
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